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FIELD OF THf lNVRNTfOM 

The present invention is directed to an improved method for produ(!mg by recombinant 
metoods proteins ft* occur in nature in two or more subunits; more generally, i, is applicable to the 
ampliation -d subsequent expression of any chimeric DNA motecule tha, msults from me 
ligation of two or more non-contiguous pieces of DNA. 

BACKGR OUND OF TWp INVENTION 

*>» «P»^<» of «on proteins is well known in toe art and it is disclosed for instance in 
m^sZnUS P " bliC ° a0m: EP " 6694 ' EP " 20290, US - 4898 830. US-5452199, EP-213472, BP- 

The tnanufactor. of recombinant proteins of interest (e.g., human) in suitable expression 
systems ts one of toe main mdustnal applications of recombinant DNA technology. If, as is often 
me case, toe protein is unstable in toe host cel., i, may be advantageous to manufacture toe protein of 
interest m toe form of a fusion moiety comprising a protective (or stabilising) protein which ^ be 
subsequently processed at a specific predetermined site in order to free toe desired protein 

AtKither mason tor making fusion proteins is to increase expression leve.a and/or to 
factotafe to. purificanon process by toe selecuon of suitable polypeptide sequences and artachmen, 
one or more of such sequences to toe amino- or carboxy-termtaa! ends of toe polypeptide or 
proton, of mterest A further reason for expressing a fusion p ro „in might he that of having the 
charactenzmg featores of two or mom different pro,^ or subunits in , sing)e chata ^ 
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a higher achvtty/dose rati „ of foe protein itself _ ^ fc ^ ^ ^ ^ 

twc • subuntts. One of the classica. problems associated with foe expression of recombinant proteilB 

.s that of obtaining a valuable and reliable source of the nncleie acid to be expressed 

On. way of addressing this problem is to use an mRNA coding for foe prctei, to be 
expressed. n^A is however not always easily found under natora. conditions. For exampfe, in «he 
case of beto-cbarn human folhcle stimulating hormone (FSH), the copending mRNA can be 
found on* „ human pinmary ce,,s and only in minute quantities. To be useable, this mRNA must 
be taken ftom the human pituitary cells immediately after death. 

An alternative is to obtain me coding sconces of 'interest from genomic DNA. This is 
however a cumbersome and time consuming process as often, large amounts of unwanted DNA 

HTrT TT ' c 0,6 ™ m which ta — "» ***** of ■»—- - — 

enors. The need therefore sdl. exists for an improved process for generating nucleic acid sequences 
to be used for exposing polypeptides, and in partictnar for generaUng nucleic acid sciences to be 
used for cxpresston of heterologous recombinant fusion polypeptides. 

SUMMAPV n> -ra E rNy FNT[r> M 
Ik. present inventors have now found a method tha, pennits foe expression of proteins and 

!HZ Tr" 18 T 8en0mi ° Witt,0U ' * 16851 °°° " *» ****** lanugos 
assorted wtfo known methods. This new methodology o«ers a nove. approach to the production of 
recombtnan, protems: fo e present me fo odologv makes „ ^ ^ 

~ DNA ^ — - - - * — enzymes. This Ll ma, " 

poss ble to use only me exact encoding regions of a desired DNA (i.e. without introns) thus avoiding 
spltcmgand/orreducing the formation ofnon desired amplicons. savotdrng 

. M """^ ° f *" adVan,aSeS ° f *" n0W - represented by the expression of 

11 d FSH. The gene expressing human hem FSH is over !500 bases ,ong whereas Ure 
con^pondrng codtng region is only 390 bases long. According to the present mefoodology i, is 
poss ble to consuuet an expression const™ containing foe correct 390 bases DNA sequence 

C f 7 1500 ^ gme ' K * *- - — H.O extra 

!ZJ T T " Pr ° Wem ° NA ^ «*» — — ~ and 

ZlTfo f • StePS ° f ^ - cDNA The present 

invention .s thus expedient, inexpensive and less error prone. 
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Wtth the pres«,, methodology i, is also possible and relatively simple to design ehimerie 
modules of DNA expressing me chamctoristics of two different proteins or protein summits in a 
angle chain or even expressing only portions of a partieular protein responsible for its aetivity For 
example ,t ,s possible to express a new protein having FSH aetivity as well as LH activity In other 
words, ,« is possible to ereare new proteins with additional, inereased or otherwise modified aetivity 
By using small and preeise pieees of DNA it is also possible to manipulate the actual aetive site of a 
wud-type protein in oreer to obtain a smaller polypeptide endowed with the same or similar activity- 
due to „s tower size, the new polypeptide migh, tints be administered to a pafien, by different 
admuustrafion mutes man the wUd-tjpe protein (i.e. by mhalation or transdermal* or 
transmucosally rather man by injection, or possess other advantages such as increase yie.d during 
reeombmant production ofthe therapeutic protein. 

As wi.1 become apparent frem the following detailed description and iron, me examples the 
present memod is based on a series of PCR ampUfieation steps which are initially earned on, on'two 
noncontiguous DNA segment XI and X2 which are thus msed togemer. The mas obtained 
poly™ toot.de (X.X2) is then mS e«ed in a suiiabto expression vector ,o express me desired 
polypeptide „ recombinaIlt Ml]s M ^ aoconj . ng to ^ ^ 

polypeptide may be a fusion poiypeptide, or a po.ypep.ide idenfica. to a protein ma, is natorally 
predueed by translation of a cDNA of polynuctooude dement, X! and X2, where XI and X2 are 

rjTTm " are . n0, . adjaCen, to ~ DNA - ehimerie po.ypepfides wifiun 

*e s^e of tire mvenhon metode dual-activHy po.ypepfidea, ^ 3, imax ^ mic]a 

atmulsnng hormone (LH-FSH) or singto pdypeptide, propolypeptide, or prepmpdypeptide wherein 
•he mature protein is LH, FSH, thyroid stimmating hormone (TSH), chorionic gonadotropin (CG) or 
any other active polypeptide. 

(FSH) polypeptide havmg FSH aetivity bu, comprising, instead of two sepamte po.ypeptide chains 
ted « and , in the nafiv. molecuto), a singto msion poiynuctootide segmen. Zing me Z 
ctan havmg ,ts 3- end directly msed to the 5' „d of fire ,-chain. The encoded chimeric po^epfide 
mo eeule .a temred AB-FSH, and has bee, shown to possess FSH activity. This meZ of 
pmducmg a chtmeric AB-FSH protein allows for simplified expression of active foHicle sfimmating 

m«hod allocs for easy purifieafion of an active, stabto AB-FSH msion protein, free finm 
isolated beta-FSH and/or alpha-FSH chains. 
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Preferably, AB-FSH is expressed with the signal sequence for the oj-chain to direct secretion 
of the fusion protein out of the expressing cell and facilitate its subsequent purification. The signal 
, sequence would be cleaved off in post-translational modification. Alternately, the signal sequence of 
the 0 chain can be used 5' to the a chain, or the signal sequence of the achain can be used 5' to the fi 
chain. 

BRIEF DESCRIP TION OP THF DRAWINGS 

Figure 1 is a schematic representation of two pieces of starting material (double-stranded 
polynucleotide segments) and the associated primers used in the initial PGR reactions to amplify 
starting materials. PFX1 is a forward PGR primer for Exon 1 ; PRX1 is a reverse PCR primer for Exon 
1; "OH" and "HO" represent 3' terminal hydroxy groups of the double stranded DNA; PFX2 is a 
forward PCR primer for Exon 2; and PRX2 is a reverse PCR primer for Exon 2. 

Figure 2 is a schematic representation of the PCR step to generate an intermediate PCR product 
a which a portion of the 5' end of X2 is added to the 3' end of the XI to make X1UR or a portion of 
the 3' end of the XI is added to the 5' end of X2 to make DRX2. PRX1-PFX2' is a reverse PCR primer 
made by combining the PRX1 primer sequence with the complementary sequence of the PFX2 primer 

(PFX2 0 ;andPRXl^PFX2isaforwardPC^ primer made by combinmgme^ 
of the PRX1 primer (PRX1 ') with the PFX2 primer sequence. 

Figure 3 is a schematic representation of the third PCR reaction step, which illustrates the steps 
of denaturation of the intermediate product X1UR and the X2 starting material, followed by annealing 
to form a mix of Species A and Species B, followed by extension in which Species A forms X1X2 by 
5'-3' polymerization and Species B forms X1X2 by simultaneous 5'-3' polymerization and 5'-3' 
exonuclease activity. X1X2 is then further amplified in subsequent rounds of denaturation, annealing 
and extension. Note that an equivalent mechanism would result in the formation of the X1X2 species 
from XI and DRX2 templates using primers PFX1 and PRX2. 
In Figure 3, the symbol: 

represents Taq DNA polymerase; 
— * indicates the directionality of Taq DNA polymerase processivity; and 

- and " represent nucleotides released from Species B by the 5>-3 ' exonuclease activity of Taq 
DNA polymerase. 
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Figure 4 is a photograph of an agarose gel showing the successful PCR amplification of the XI 
beta-FSH PCR product (lane 2), the X2 beta-FSH PCR product (lane 3), and the X1X2 beta-FSH PCR 
product (lane 4). Lane 1 is the 0X/Hinc H MKl3a (HT Biotechnology Ltd., Cambridge, UK) 
molecular weight markers. 

Figure 5 is a photograph of an agarose gel showing the successful PCR amplification of the S- 
FSH-B PCR product (lane 2), the glycalA RT-PCR product (lane 3), and the AB-FSH (alpha-beta- 
FSH) PCR product (lane 4). Lane 1 is the 0X/ffinc H MK13a (HT Biotechnology Ltd., Cambridge, 
UK) molecular weight markers. 

DETAILED DESCRIPTION Q F THF. INTWTvrrTJVvr 

In accordance with the present invention there may be employed conventional molecular 
biology, microbiology, and recombinant DNA techniques within the skill of the art. Such techniques 
are explained fully in the literature. See, e.g., Sambrook, Fritsch & Maniatis, Molecular Cloning: A 
Laboratory Manual, Second Edition (1989) Cold Spring Harbor Laboratory Press, Cold Spring Harbor 
New York (herein "Sambrook et al., 1989"); DNA Cloning: A Practical Approach. Volumes I and B 
OXN. Glover ed. 1985); Oligonucleotide Synthesis (M.J. Gait ed. 1984); Nucleic Acid Hybridization 
[B.D. Hames & S.J. Higgins eds. (1985)]; Transcription And Translation [B.D. Hames & S.J. Higgins 
«is. (1984)]; Animal Cell Culture [R.I. Freshney, ed. (1986)]; Immobilized Cells And Enzymes ^ 
Press, (1986)]; B. Perbal, A Practical Guide To Molecular Cloning (1984); F.M. Ausubel et al (eds ) 
Current Protocols in Molecular Biology, John Wiley & Sons, Inc. (1994). 

Definitions 

"Amplification" of DNA as used herein denotes the use of polymerase chain reaction (PCR) to 
mcrease the concentration of a particular DNA sequence within a mixture / of DNA sequences For a 
description of PCR see Saiki et al., Science 1988, 239:487. 

The term "gene" means a DNA sequence that codes for or corresponds to a particular sequence 
of ammo acids which comprise all or part of one or more proteins or enzymes, which DNA sequence 
may or may not include regulatory DNA sequences (such as promoter sequences) and untranslated 
sequences (such as the 5' untranslated region, 3' untranslated region, and introns). Some genes, which 
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« no. sunctitrel ge„ ra . My be bribed from DNA to RNA, but are no, translated into an amino 
acid sequence. uno 

In disenssing me suucture of particutar doub.e-stra„ded DNA ntoleou.es. sequences may be 
descnbed herein acoording to the normal convmri™ . y 

, . 8 "<= normal convention of defining the sequence in the 5' to 3' direction 

*>ng me nontranacnbed stiund of DNA (,,, the stiand having a sequence homOogous to 2 
-nscnbed mRNA, also known as the sense suand or the "forward" snand, The organizaL of otbW 
DNA sequences relative re the particular double-™ DNA molecn,e may be described he^ 
«*. * the nonna, convention wherein sequences a,th. , end of the particular doubled 

12 Z m T— ^ * ** 3> - ° f "* doubie-stiunded 

DNA are downstieam" (DR) sequences. Note however, tha, the present ntethod is vatid for tire 
amplification of both the reference sense ("forward"! tfreret «wi „<• ■., 
"reverse") strand. ,tS ^P 16 ™*""? ""tisense (or 

ht discussing ft. stiucutre of a particular singte stranded polynucleotide (such as an 

d^bed here, according to me norma, convention of defining fire sequence in the 5' re 3 directil 
whtch 5 end represent Ute tennina, phosphate end of said sing.e stranded po.ynuCeonde and which r 
nd represents me .erminn, hydroxy end of said sing,e stranded po.ynucleoude. to parfieu,! a 
forward" prunes is an oligonucleotide which hybridises re «he 3" end of me antisense (oT^ 

™z?:.zzr 5 '" 3 ' ot fte * — <« ~ 

~^lTr, T ' S " OB8M,,K,e0,ide h » '» «- »' end of the sense (or 
Jorware ) stiand tn order re dnec, „■ polymerization of «he complememary antisense (or "rev ere,, 

By "expression constiuc,", "expression vector" o, "construe," fa mKmt . nuclelc ^ 
—ng a targe, nudeic acid sequence or sequent whose expression is desired, opereb y ZZ 
sequence c ements which previde for«he prepee ascription and unnsUreon of dte Jge, ZZ2 
ZT S) wimin fine chosen hos, oefis. Such sequence Cemen* may inch.de, for I^T 
~' S S 'f & < - P«»on signs,. The expression « 

cxpresston vector" or "construe" further comprises -Vector stances". By "vector sequent is' 

dT rrr verai nuo,eic — * - - ^ »mj 

DNA technologies of Ore invention to facilitate me clo„i„. .„., ■ recoml >man, 

consuuc mduding <bu, no, renitod ,„) pfesmid IZZZ " eXPreSSi0,, 

a ..r. . , , ' F us ' cosmids, phage vectors, viral vectors and vea*. 

-fica, chremosomes. The expression construes of me invention can be introduced inj'a" 
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so as to transform the host and promote expression (e.g. transcription and translation) of the introduced 
target nucleic acid sequence. 

A ••promoter" or "promoter sequence" is a DNA regulatory region capable of binding RNA 
polymerase in a cell and initiating transcription of a downstream (3' direction) coding sequence For 
purposes of defining the present invention, the promoter sequence is bounded at its 3' terminus by the 
transcription initiation site and extends upstream (5' direction) to include the minimum number of bases 
or elements necessary to initiate transcription at levels detectable above background. Within the 
promoter sequence will be found a transcription initiation site (conveniently defined for example by 
mapping with nuclease SI), as well as protein binding domains (consensus sequences) responsible' for 
the binding of RNA polymerase. The promoter may be operatively associated with other expression 
control sequences, including enhancer and repressor sequences. 

A sequence "encoding" an expression product, such as a RNA, polypeptide, protein, or enzyme 
is a nucleotide sequence that, when' expressed, results in the production of that RNA, polypeptide 
protem, or enzyme, i.e., the nucleotide sequence encodes an amino acid sequence for that polypeptide 
protein or enzyme. A coding sequence for a protein may include a start codon (usually ATG) and a 
stop codon. 

By "host cell" is meant a cell which has been transfeeted or transformed with one or more 
expression constructs of the invention. Such host cells include prokaryotic and eukaryotic cells 
Preferred eukaryotic cells for use in the present invention are in vitro cultured mammalian cells, such 
as COS cells and CHO cells. The term host cells also encompasses transformed cells found in vivo 
such as in a transgenic mammal. 

By "transfection" or ■ transformation" is meant the process of introducing one or more of the 
expression constructs of the invention into a host cell by any of the methods well established in the art 
including (but not limited to) microinjection, electroporation, liposome-mediated transition, calcium 
Phosphate-mediated transection, or virus-mediated transfection. A host cell into which an expression 
construct of the invention has been introduced by transfection or transformation is "transfeeted" or 
"transformed". 



Amplification of the chi meric polynucleotide XI X7 

The present inventors have discovered a method for amplifying a chimeric polynucleotid 
(X1X2) comprising two non-contiguous nucleotide segments of interest, XI and X2 In on* 
embodiment, the XI and X2 sequences are derived from sequences that encode distinct proteins 



le 
one 
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such tot to X1X2 sequence encode, , fusion protein. _ ^ OTbodimeat , „, x , ^ 
sequences ere derived ftom sequences to, encode a singie protein. For example, X! and X2 may 

to g »e (e.g. due ,o separation by intron, or pos.i bly other exons or a „„„„„ ofm * 

am adjacent u, to ascribed mRNA of to gene (e. g . due ,„ sp, icing to remove Lve^ 

joined X1X2 sequence, wherein X2 is immediately 3' to XI with™* a . - 

j t,^ta y lo A1 » without the necessity of isolating 

tT^r* ^ or ^ - - — 

The two nucleotide segments of interest XI and TO M „ u* J ^ 

' Ma X2 > can be obtained fiom a nucleic acirt 
mixture comprising a nucleic acid molecule which includes XI ^ . , • 
include, au i . d a nucleic acid ^lecule which 

am ?' 1 ^ nUCle ° tide S£gmentS ° f intereSt ' Xl - X2, are included in the 

^enomicDNA. — 

hi one embodiment of the present invention, the method comprises four different PGR 



reactions: 



which Zer^ IT ~ X! is n^e and Rifled win, a firs, primer 

. °° mPnSeS ( ° 8 6151 ?FX1 (Which —* for 1— - forward for xr) to 

M*-. ,0 to 3' end of on. stiand of to X, sequence and (u) a second primer, PRX1 (wLl !Z 

^-"P^XlPCRproduCmaybeisoiatedbyanysui^emetod^sdescribl f„ r 
• - -Moiecuiar Cutting: A Labora.ry Manna,, 2- Edition. Sambroo*. « * Coid Sprmg 
Harbor Ubma«ory : l 989 , "A Praotica, Guide . Moiecuiar doning- Perba 1:198 4, a„d -Culm 
" M ° ,railai B '° l0gy " AUSUbel - ' <* • * «- Wiley * commercial 

primer aWT" ' ^ *** " * — -I*- wim a second 

ZrZ'T: TT TT ** (i) a — 4 ™* - 

to • 2 of to °"" " ^ " (i ° * — ' •*» < «*• - m 

to 3 «d „f to commentary strand of to X2 sequence. 1*. amphned X2 product can be isoiated 
or punfied using any suitable method. isoiaiea 
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^ In the third PCR reaction (Figure 2), an intermediate molecule X1UR or DRX2 is made and 
amplified. X,UR cnmprisea the entire lira, „„c,eic aeid segment of X! and a redely am... 5 - 
segment of X2, wherein me 3- end of X, ia fused to the 5- segment of X2. DRX2 comprises the entire 
firs, nucleic actd segment of X2 and a rel atively email 3- segment of XI. wherein the 5' end of X2 is 
*sed to me 3- segment of X.. Una step is curried ou, with a thim primer set For X.UR, ft. thw 

nuTtT C ° mPriSeS (0 PFX1 "* (U> 3 fl,Si0 " ^ PRX1 -^'. which fusion primer has me 
PFxTTTT 1 PRXI f0 " OWed tamediaK,y * * 3> * — -mpfemen, of 

P^ t'H M ^ DRX2 ' P,faer - » • «— P^er PRXf- 

^ 1,38 nUC,e ° Me ° f of PRX. (designated aa 

PRX1 ) atfacheri ,„ me , end of the fbrwani primer PFX2, and (U) me primer PRX2 Either 
mtenuediate can be isolated orpurified using any suitable method. 

amnlJu ^ % ^ »» * «™"'y made and 

-*»d. Thta PCR reactron relies on me fac, mat for many commercially avaifable anurous of Tan 
DNA po lymeraae, the Ta, cuzyme possesses bofh W DNA po.ymeraae activity and S'-V exonucleaae 
activity at certain temperatures. 

oroduc.Tvr b0 ^ en ' ° f fOUrth KaC,i0n ' ** f ° UOWin8 ~ « «* <"° MUR anpfifled 
pmduct, me X2 amphfled product and the primera PFX1 and PRX2. In this reaction, bod. XI Jr and 

zzz rr fer pcr prtaers pfxi -* prx2 - * - - 

two species of significance here: Species A and Species B. 

wim jtt A r nsis,s of *• forwmi (5 '- 3,) s,raBd ° f xim «-* *■ ^ < 3, - 5 -> — * *■». 

3 TTk"™* 4 ™ " COmi " e ~ »**- * UR legion ofXIUR 

and fhe 3 end of the reverse stood of X2. Although neither primer binds to Speciea A. the Tao 

r^xTxT " 3 ' ** of " — " overiap KBtan to -~ *° «* 

wim Jr ie i B r is,s of *• rcveree (3 '- 5,) stamd ° f xiur •»«- < 5 -- 3 -) — <*«• 

7f ponces of the UR region ofXIUR 

Mthe s end of me forward anund of X2. Bom prime* bind to Una species. The 3' ends of me 
annealed pnmers are men extended by fhe J--3- polymerase acdvity of th. Tao polymerase Butt 

me -3 direcnon, me original annexed abend (revere of X1 UR or forward of X2) ia removed by the 

wh LTT" "** of *" Taq polymerase - In ^ words> *~ win b * - ■«*• » 

where die extenston p ro duc, of PRX2 "meefs- die 5- end of the reverse strand of X.UR because me 
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latter will be removed by the Taq enzyme, while the (newly synthesized) forward strand of X1X2 will 
serve as a template for the remainder of the extension product of PRX2 to be built. The same process 
is at work to result in the full forward strand of X1X2: when the extension product of primer PRX1 
"meets" the 5' end of the forward strand of X2, this strand is removed by the Taq enzyme, while the 
(newly synthesized) reverse strand of XIX2 will serve as a template for the remainder of the extension 
product of PFX1 to be built. 

In an alternate embodiment of this fourth reaction, the following reagents are used: the DRX2 
amphfied product, the XI amplified product, and the primers PFX1 and PRX2. In this reaction both 
DRX2 and XI serve as templates for PGR using primers PFX1 and PRX2. This version of the fourth 
PCR reacuon, wherein annealing to form Species A and Species B is mediated by the complementary 
Xl-sequences of XI and the DR region of DRX2, is analogous to the embodiment described 
immediately above and also encompassed by the present specification. 

In yet another embodiment of this fourth reaction, the following reagents are used: the X1UR 
amphfied product, the DRX2 amphfied product, and the primers PFX1 and PRX2. In this reaction, 
both X1TJR and DRX2 serve as templates for PCR using primers PFX1 and PRX2. This version of the 
fourth PCR reaction, wherein annealing to form Species A and Species B is mediated both by the 
complementary X2- sequences of the UR region of X1UR and the 5' end of the forward strand of X2 
and by me the complementary Xl-sequences of XI and the DR region of DRX2, is analogous to the 
embodiment described immediately above and also encompassed by the present specification 

It wxll be understood that for extension of Species A no oligonucleotide primers, are necessary. 
Therefore, the forgoing directions to employ a polymerase that also acts as an exonuclease pertain to 
ampliation of Species B. In practice, however, both extension of Species A and Species B will take 
Place m the same reaction mixture for reasons of efficiency and convenience, so the same enzyme will 
be used for both. 

In other embodiments of the present invention, the method comprises fewer than four different 
PCR reactions. 

For example, the present method does not require that both (or all) of the starting DNA 
stents XI and X2 be PCR amplified or isolated. Therefore, the intennediate products X1VR and/or 
DRXJ may be generated directly fiom the primary template sequences (eg. genomic DNA or cDNA) 
without first performing a PCR to generate XI or X2. For example, the primer PFX1 and the hybrid 
pnmer PRX1-PFX2' may be used to amplify X1UR directly fiom genomic DNA. Similarly, the 
pnmer PRX2 and me hybrid primer PRXr-PFX2 may be u*d m amplify DRX2 directly from 
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genomic DNA. Starting fiom amplified or isolated XI and X2 sequences, however, makes the 
subsequent amplification steps more efficient. 

The segment X2 should be amplified or isolated when it is combined with X1UR to assemble 
the chimeric DNA molecule X1X2. Similarly, the segment XI should be amplified or isolated when it 
is combined with DRX2 to assemble the chimeric DNA molecule X1X2. 

It will be understood that the method of the present invention may be used to further attach 
addmona. sequences (X3) m the chimeric molecule X1X2. For example, where DNA pieces X!X2 
and X3 are to be assembled into the polynucleotide X1X2X3, the segment X1X2 would also have an 
ex.ens.on complementing the * end of X3 if the UR approach is used (as apposed to me DR approach 
whereXlX2 would be joined to me segment X3, which has an extension complementing the 3' end of 

The foregoing memods are not limited to making nucleic acid sequences that encode chimeric 
pretems, or to assembling nucleic acid sequences that encode multi-exon proteins fiom genomic source 
DNA. Any two or more polynucleotide segments can be fused, including restricuon fragments fiom 
one or more DNA moleeu.es. The foregoing method can be easily adapted to produce polynucleotides 
compnsmg three or more noncontiguous or heterelogous nucteic acid molecules, or segments of such 
molecules 

Suitable Taq polymerases tha, have me combined polymerase/exonuclease activity are 

rZr" y l^^' ^ *** P ° ,ymeraSe ( * M774 ' ° r * M7745 >; ™ WA polymerase 

C* M2101 or * M2.0S); Tfl DNA polymerase ff M1045 or * M l9 45), all avauable fiom Premega 
Corporation, Madison WI, USA. 

The newly amplified polynncleofide of interest X1X2 nan fhus be isolated by menus of stands^ 
methodologies and can be inserted into a suitable expression system ,o provide expression of the 
corresponding fusion polypeptide. 

Express ion construct* 

The expression constructs of the invention contain the amplified polynucleotide sequence 
operably nuked to elements necessary for proper transcription and trenslation of me amplified 
sequences within the chosen host cells, including a promoter, a translation initiation signal ("stert" 
eodon), a translation temtinafion signa, rstop .. ^ md , polyadenylalion ^ ^ ^ 
constructs may comprise additional sequences ma. modify expression of the amplified sequences 
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including tatem* rfbosome entry sites (IRES), enhancers, response element, suppressors signal 
sequences, and the like. ^ 

The promoter sequences may be Oogenous or heterologous to the host cell, and may provide 
ubtquttous (Le., exptession occurs in the absence of an apparent external stimulus and is no, oell-type 
spcafic) or ussue-specific (also known as cell-type specific) expression 

Promoters which may be used to control gene expression include, bu, are no, limited ,o 
eytemegatevtrus (CMV) promoter (U.S. Patents No. 5,385,839 and No. S.m.062), the SV40 eari; 
promoter regmn (Benois, and Chambon, Nature 1981, 290:304-310), the promoter contained in fine 3' 
long termma, repeat of Rous sarcoma virus (Yamamoto. e« a,., Cel. l9 80, 22:787-797), the herpes 
ZZIZ T 7TT ^ — *— CWag,er at „. Proc. Na, Ac! Sci. Z 

29^ J" '.! i ^ """" ° f *" meteU °" ■« CBrinater e, a... Nature 1982, 

29639-42); prokaryotte expression vector, such as the beta-lactamaae promoter (Villa-Komaroff, e, 
a.., Proc. Na,,. Ac*i Sc. USA .978, 75:3727-3731), or the tac promoter (DeBoer, e, aL Proc Natl 
Acad. So, USA 1983, 80:2,-25); see also "UsefiU proteins fiom recombinan, bacteria" m SmeT 
Amencan ,9 0, 242:74-94; P romo,er elements fiom yeas, or outer fimgi such as me Gal 4 promo," 
*e ADC (alcoho, dehydrogenase) promoter, PGK (pnosphoglycero, kinase) promoter, 

^ 3 ^ZTTT m " Pt0m0ter « - *~ Acad. Sci USA 

,987,84.483,^835), the g.ucocomco.d.inducib.0 promoter present in the mouse mammary tumor 
vmus loug temuna, repeat (MMTV LTR; Ktessig, « Mo,. Cel, Biol .984;4:1354-,362), dte long 
termmal r^en, sequences of Moloney murine leukemia virus (MuLV LTR; Weiss, et al. RNA Tumor 
Vtruses. (Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y.: 1 985) 

The expression constructs fiuther comprise vector sequences ma, facilitate th. Coning and 

ZTT K H[PreSSi0n COnS ' n,CtS - A P'-« - ^ 

venters, have been described for replication and,or expression in a variety of eukaryotic L 

^karyohc host ce.,s. Standard venters use*, in fire current invention are we., known inZ art » 

mcude (bu, are not hmited to) ptasmids, oosmioa, phage venters, vira, veotom, and yeas, arrificTs 

!Trr r 1 r ampici " iI, • or puK>mycin ■» — — - 

and/or genes (a.,., dmydrofolate reductese gen.) tha, amplify me dominant selectable marker 

c!l? 8ene b ° f ^ Pr0l<>n8ed eXPreSSi0n ° f " ^™ «— * * vi-ro cel. 
cnltere may be aemeved by the use of venters sequences Ota, allow for autonomous rep.ica.ion of an 
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extrachromosomal construct in mammalian host cells (e.g„ EBNA-1 and oriP from the Epstein-Barr 
virus). 

For example, a plasmid is a common type of vector. A plasmid is generally a self-contained 
molecule of double-stranded DNA, usually of bacterial origin, that can readily accept additional foreign 
DNA and which can readily be introduced into a suitable host cell. A plasmid vector generally has one 
or more unique restriction sites suitable for inserting foreign DNA. Examples of plasmids that may be 
used for expression in prokaryotic cells include, but are not limited to, P BR322-derived plasmids 
pEMBL-derived plasmids, pEX-derived plasmids, pBTac-derived plasmids, and pUC-derived' 
plasmids. 

A number of vectors exist for expression in yeast. For instance, YEP24, YIP5, YEP51 YEP52 
PYES2, and YRP17 are cloning and expression vehicles useful in the introduction of genetic constructs 
into S. cerevisiae (see, e.g., Broach, et al. "Experimental Manipulation of Gene Expression » ed M 
Inouye (Academic Press:1983)). These vectors can replicate in E. coli due the presence of the pBR322 
on, and in S. cerevisiae due to the replication determinant of the yeast 2 micron plasmid. 

A number of expression vectors exist for expression in mammalian cells. Many of these 
vectors contain prokaryotic sequences to facilitate the propagation of the vector in bacteria, and one or 
more eukaryotic transcription regulatory sequences that cause expression in eukaryotic cells The 
pcDNAI/amp, pcDNAI/neo, pRc/CMV, pSV2gpt, P SV2neo, pSV2-dhfr, P Tk2, pRSVneo, pMSG 
PSVT7, pko-neo, and pHyg derived vectors are examples of mammalian expression vectors suitable for 
transection of eukaryotic cells. Some of these vectors are modified by the addition of sequences from 
bacterial plasmids, such as pBR322, to facilitate replication and drug resistance selection in both 
prokaryotic and eukaryotic cells. Derivatives of viruses such as the bovine papilloma virus (BPV-1) 
or Epstein-Barr virus (pHEBo, pREP-derived and P 205) may be used for transient expression of 
proteins in eukaryotic cells. A baculovirus expression system (see, e. g ., "Current Protocols in 
Molecular Biology." eds. Ausubel et al. (John Wiley & Sons:1992» may also be used. Examples of 
such baculovirus expression systems include pVL-derived vectors (such as pVL1392, pVL1393 and 
PVL941), pAcUW-derived vectors (such as pAcUWl), and pBlueBac-derived vectors (such as the B- 
gal containing pBlueBac IH). ' 

For other suitable expression systems for both prokaryotic and eukaryotic cells, as well as 
general recombinant procedures, see "Molecular Cloning A Laboratory Manual. 2 nd Edition" 
Sambrook, etal. (Cold Spring Harbor Laboratory Press: 1989) Chapters 16and 17. 
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The expression constructs of the invention may be transfected or transformed into eukaryotic or 
prokaryotic host cells in vitro. Preferred in vitro host cells are mammalian cell lines, such as COS cells 
and CHO cells. Protocols for in vitro culture of mammalian cells are well established in the art [see for 
example, Animal Cell Culture: A Practical Approach 3«< Edition. J. Masters, ed. Oxford University 
Press and Basic Cell Culture T* Edition. Davis, J.M. ed. Oxford University Press (2002)] 
Techniques for transection and transformation are well established in the art and may include 
electroporation, microinjection, liposome-mediated transfection, calcium phosphate-mediated 
transfection, or virus-mediated transfection [see for example, Artificial self-assembling systems for 
gene delivery. Feigner, et al., eds. Oxford University Press (1996); Lebkowski, et al. Mol Cell Biol 
1988 8(10):3988-3996; "Molecular Cloning: A Laboratory Manual." 2- Sambrook, et al Cold Spring 
Harbor Laboratory: 1989; and "Current Protocols in Molecular Biology" Ausubel, et al., eds. John 
Wiley & Sons: 1989). 

Production ofbiolo^cnlly active chimeric - pr^t*. 

According to a preferred aspect of the invention, the present method is used to produce a 
polynucleotide X1X2 which encodes a biologically active polypeptide E1E2, wherein El is the 
polypeptide sequence encoded by XI and E2 is the polypeptide sequence encoded by X2. 

According to another aspect of the present invention the two nucleotide segments XI and X2 
are two exons which are both present in the human genome and wherein each encodes one of two 
fragments of a biologically active protein. 

In one example, XI and X2 encode the two exons of the beta subunit of FSH. 

In another example, XI and X2 encode two subunits of a multi-subunit protein, the alpha- 
subunit and beta-subunit of FSH. Therefore, according to a further aspect of the present invention the 
polynucleotide (X1X2) encodes a single polypeptide having the activity of chorionic gonadotropin 
CG), luteinizing hormone (LH), follicle stimulating hormone (FSH) or thyroid stimulating hormone 
(TSH); or encodes a single polypeptide having the activity of more than one of these hormones (e g 
activity of both LH and FSH). 

Alternatively, the polynucleotide (X1X2) may encode a pre-protein E1E2, wherein the segment 
El represents a fusion partner, as for instance a signal sequence, and E2 is a biologically active mature 
polypeptide. The signal sequence may be the natural signal sequence of E2 or a different signal 
sequence. The objective would be to facilitate secretion of the mature E2. 
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For example we can pro duce <he 0 sub™, of psh consisting of segmems X, and X2 
Alternative y, we can prince any o<her chimeric po.ypep.ide by using heterologous segmems of DNA 
fused .ogether So the chi m etic ptcelo win have properties of hod, tine consent peptides. 2 
and unique molecules can thus be generated. 

hFSH ^ f 7 " aPPara " * e HU,nPleS ' Whi ° h ^ *° ' he ° f «* »—» * of 

hFSH and to fte expresston of a chimeric ptrnern containing bod, the alpha and be* auburn* of FSH 

0»- AB-FSH), me method acting to me present ^ can be carried „„, d 

I 1 n °" ° NA «~ — are used, additional PCR steps wiU Z 

necessary, as a person of ordinary skill will readily appreciate. 



Examples 



oft* 77"' in ™ Bo ° is ■« bribed by means of me following examples. However mens, 
of these and other examp,ea a„ywhe re in me specification ia illnstiative only, artd in no way £ 2 
^and meanrng of me invention orof any exemplified form. Uhevriae, the invention is no, .hnitl 
to any particular prefetred embodiment described h.ein. fitdeed, many modifications and variant 
of tite mvention may be ap pare n, * those sMUed in me an upon totting this md j£ 

m*fe wttitou, departing ^ its ^ md scope . ^ ^ fc ^ • * 

*nna of me appended Cairns, along with the fid. scope of equivalents to which the Oahns are elfief 

Example 1: Assembly of beta-FSH expression constructs 
using a novel PCR methodology 

The sequence of the genomic DNA encoding the » subunit of human FSH is at Genbank 
Accesston * AH003599. The oDNA sequence of the „ subuni, of human FSH , SEQ V NO T " 
signal sequence is depicted as SEQ ID NO- 2 Fv«„ i u a „ ,v ' 

v ^ 2 - Exon 1 has the sequence SEQ ID NO* 3- Exon 7 w tv,« 

1" " ° " e n0ted ' ™ — fa ~- *>» of which me pr.cn, examp,e ptoduces orny 
one. Howev^.anyomerpo.yntorphcou.dhavebeeneasi.yproduc^bymepresen.mlhod. 

A E CR amplification of hela.ECT i encadjag ^..^^ 

A mi anpUficaton o/t™, ^ one ^ ^ ^ ^ 
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Human genomic DNA was extracted from 50pl of total blood using the Nucleo Spin Blood 
Quick Pure kit (Macherey-Nagel GmBH& Co.). The isolated DNA was then dissolved in 100 ul of TB 
Buffer (DNA solution). 10 ul of this DNA solution was used as template for two independent PGR 
reactions (5ul genomic DNA solution per PCR reaction). 

The first PCR reaction was performed using primers specific for exon 1 of beta-FSH The 
forward primer PFX1 with the sequence (SEQ ID NO: 7) 5'-ATG AAG ACA CTC CAG TTT TTC 
TTC C-3' corresponds to a segment from position 40 to position 64 in SEQ ID NO: 1. The reverse 
primer PRX1 with the sequence (SEQ ID NO: 8) 5'-CCT GGT GTA GCA GTA GCC AGC-3* 
corresponds to the complement of the segment from position 198 to position 178 of SEQ ID NO: 1. 
This PCR reaction amplifies the product XI, as illustrated at Figure 1, left scheme. 

The second PCR reaction was performed using primers specific for exon 2 of beta-FSH The 
forward primer PFX2 with the sequence (SEQ ID NO: 9) 5'-GAT CTG GTG TAT AAG GAC CCA-3' 
corresponds to the segment from position 199 to position 219 of SEQ ID NO: 1. The reverse primer 
PRX2 with the sequence (SEQ ID NO: 10) 5'-TTA TTC TTT CAT TTC ACC AAA GG-3' 
corresponds to the complement of the segment from position 429 to position 407 of SEQ ID NO- 1 
This PCR reaction amplifies the product X2, as illustrated at Figure 1, left scheme. 

Each independent PCR reaction contained 5 pi human genomic DNA solution as the template, 
and the following additional reagents: 

1. lOul 10X PCR Buffer (Thermophilic DNA Polymerase lOxBuffer, 
magnesium Free M190G, Promega Madison WI, USA) 

2. 10 pi 25 mmol MgCl 2 

3. 5 pi dNTPs stock solution containing 10 /unol each of dATP, dTTP, dCTP, 
and dGTP. 

4. 1 pi of lOOpmol/pl forward primer stock dilution 

5. 1 pi of 1 OOpmol/pl reverse primer stock dilution 

6. 2 pi TAQ (5 U/pl) (Taq DNA Polymerase in Storage Buffer A, Cat No. 
Mi865, Promega Madison WI, USA) 

7. 65plH 2 0. 

Cycling parameters were as follows: initial denaturation for 2 min at 95°C; 30 cycles of 
amplification with each cycle consisting of 30 sec at 94°C, followed by 30 sec at 50°C, and then 1 min 
at 72'C; and a final extension for 5 min at 72°C. Cycling was performed using a PTC-100™ 
programmable Thermal Controller (MJ Research Inc, Watertown, Mass, USA). 
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Amplification of the XI and X2 pmducm (bete-FSH exon . and axon 2 s^ems, raspecdvaW) 
by eaah PCR was conibmed by agarose gel (2% in TAB buffer) etechophoresis for 30 min a, 125mA 
usmg fire DNA Molecular Weigh. Marker axttmc n MK13a (HT Bio.echno.ogy Ltd., Cambridge 
UK) . .«M mofecularweigh, markers. The remits are shown in Figure 4 (see Lanes 2 and 3). ^ 

2. PCR amplification of the XI VR intermediate product: 

A PCR reacfion was performed on me X. produc. (prepared aa describe above) as template 
usmg me exon 1 forward primer PFX. (SEQ ID' NO: 7) and a hybrid reverse primer PRX1-PFX2* 
havmg the sequence (SEQ ID NO: 11): 5--TOG arc. gXt ATA cap ran »^ CCT ~_ 
«H C^OCC^, where me sequence of PRX1 is iteliciaed and me reverse t^eZ Z 
sequence ofPFX2 is underlined, mem or me 

The PCR reaction mixfore comained 1 pi XI PCR product (exon 1 of bela-FSH: SEQ ID NO- 

fofiot T ^ ^ re3gertS "~ *~ P— — were as 

fM 2 "* ^ 95 ° Ci 30 Cy ° leS »» each cyc.e conaisfing of 

0 «c a, 94 C. followed by , min a, 50»C, and men 2 min a. 6S«C ; and a final extension for .6 min a. 
72 C Cychng was performed using a PTC-100™ pro_le Thermal ConhoUer (MJ Research 
be, Watertown, Mass, USA). This reacfion is il.us.ra.ed a, Figure 2, top scheme 

Amplification of me X1UR intermediate product by PCR was confirmed by agarose gel (2% m 
TAB buffer) elechophoresis for 30 min at 125mA using me DNA Molecular Weigh. Marker 0X/Hinc 
n MK.3a (HT Biotechnology Ltd., Cambridge, UK) as con.ro, molecular weigh, markers. The XIUR 
PCR produc was men purified usmg me PCR CWup Ki« (Nucleospi, Exhact Ca, No. 740590.50) 

a% L ^b Tr; " votame of 3v - ^ - si2e ° f tte dna - — * 

(2/. m TAB buffer) elechophoresis for 30 min a, 125„A using me DNA Molecular Weigh. Marirer 
0X/Hinc II MK13a (HT Biotechnology L«., Cambridge, UK) as control molecular weigh, markers 

exon ^BO^ZoT X1UR be ' a ' FSH PCRPr0dUC ' (SEQ m «>— — (beta-FSH 

bTpSH « 0 « "T" eX,e " ded * 3 ' » <- P* of SEQ ID NO:4 (m. 

oeia-*i>H exon X2 sequence). 

5. PC* amplification oftheXlX2 (Exon 1-Exon 2 beta-FSH) product 
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Two different strategies were employed to amplify the product X1X2. 
Strategy #1: 

In the first strategy, illustrated at Figure 3, a PGR reaction was performed using the exon 1 
forward primer PFX1 (SEQ ID NO: 7) and a the exon 2 reverse primer PRX2 (SEQ ID NO- 10) The 
earher amplified products X1UR and X2 were the templates for this reaction. This PGR reaction 
contained the following reagents: 

1. 10 pi 10X PCR Buffer (Thermophilic DNA Polymerase 10 x Buffer, 
magnesium Free M190G, Promega Madison WI, USA) 

2. 10ul25mmolMgCl 2 



3. 



5 pi dNTPs stock solution containing 10 pmol each of dATP, dTTP, dCTP, 
anddGTP. 

4. 1 pi X1UR intermediate PCR product (SEQ ID NO: 15) 

5. 1 pi X2 PCR product (exon 2 of beta-FSH: SEQ ID NO: 4) 

6. 1 pi of lOOpmol/pl PFX1 (beta-FSH exon 1 forward primer (SEQ ID NO: 7)) 
stock dilution 

7. 1 pi of lOOpmol/pl PRX2 (beta-FSH exon 2 reverse primer (SEQ ID NO: 10)) 
stock dilution 

8. 2 pi TAQ (5 U/pl) (Taq DNA Polymerase in Storage Buffer A, Cat No. 
Mi865, Promega Madison WI, USA) 

9. 65plH 2 0 

Cycling parameters were as follows: initial denaturation for 2 min at 95»C; 30 cycles of 
amphfication with each cycle consisting of 30 sec at 94°C, followed by 1 min at 50°C, and then 2 min 
at 68 C; and a final extension for 10 min at 72°C. Cycling was performed using a PTC-100™ 
programmable Thermal Controller (MJ Research Inc, Watertown, Mass USA) 

TAP h ^ ,mCati0n ° fthe X1X2 PTOdUCt * «* p CR reaction was confirmed by agarose ( 2% in 
TAE buffer) electrophoresis performed as described above. The results are shown in Figure 4 (see 
Lane 4). The product of this PCR reaction was then purified using the PCR Clean-up Kit (Nucleospin 
Extract. Cat No. 740590.50) to yield pure DNA in a final volume of 50pl. Purity and size of the DNA 
was confirmedby agarose (2% in TAE buffer) electrophoresis performed as described above 

The size of the product was determined by agarose gel electrophoresis (performed as described 
above) to be about 390 bp. The sequence of this product was confirmed to be the full length coding 
sequence for beta-FSH, X1X2 (SEQ ID NO: 6; see Genbank Accession # NM.000510), by 
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«»ve„«o n a I se,ue„c e ™ a . ysis<B i ngthep[imer p FXI (bea-FSHexon 1 forward primer (SEQ ID NO: 
Strategy #2: 

* - ' ' — « "» X.X2 PCR produc was generated by a sing.* three primer 

ZZ ZT . ProdUCb 35 • ™ S *— «» **■ * one 

PCR step m ttua strategy, me primera PRX2, PFX1, ami me hybrid reverae primer PRX1-PFX2' were 

TxT^l X ! T " ^ *« me X1UR intermediate and then 

me XK fmalprodnc, m a singfe PCR reaction. The PCR reaction contained me following reagenta- 

.. IO ">'OXPCRBn f rer(Tben n „ phili cDNAPo 1 ymeraselOxB„ ff er,mag M , i m„ 
Free M190G, Promega Madison WI, USA) 

2. 10 |il 25 mmol MgCI 2 

3. 5 m dNTPs stock solution containing 10 /anol each of dATP, dTTP dCTP and 
dGTP. 

4. 2 ul XI PCR product (SEQ ID NO: 3) 

5. 2 ul X2 PCR product (exon 2 of beta-FSH: SEQ ID NO: 4) 

6. 1 |d of 100pmoI/ulPRX2 (beta-FSH exon 2 reverse prhner (SEQ ID NO: 10)) 
stock dilution 

7. ^^OCJpmol/Ml forward pr^ 
ID NO: 7) stock dilution 

8. 1 Ml of 100pmol/Ml hybrid reverse primer PRX1-PFX2' (SEQ ID NO: 1 1) stock 
dilution 

9. 2 pi TAQ (5 U/pl) (Taq DNA Polymerase in Storage Buffer A, Cat No. Mi865 
Promega Madison WI, USA) ! 

10. 65 pi H 2 0 

Cycling parameters were as follows: initial denaturation for 2 min at 95«C : 30 oycles of 

C, and a final extenamn for 10 min at 72«C. Cyoling was performed using a PTC-IO0™ 
programmable Thermal Controller (MJ Research Inc. Watertown, Masa, USA) 

TAP. h CIT? 0- " ° f X1X2 f,rod ° C, ^ ^ ^ «• «»— * agarose (2-/. in 
TAB buffer) electrophoresis performed as described above. The product of this PCR reaction Z Z 

punfied usmg me PCR Cean-up Kit (Nucleospin Extract. Cat No. 7<0 59 0.50) to yie.d ^ ZT. 
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fina. vo!ume of 50,1. Purity and ^ of « DNA was fcy ^ p% fa ^ 

electrophoresis performed as described above. 

The size of the product was dehamined by agarose g«. electrophoresis (permed as described 
above) ,o be about 390 bp. The sequence of this product was confirmed to be the foil lengm coding 
sequence for beta-FSH, X1X2 (SEQ ID NO: 6; see Genbank Accession * NM 0005,0) by 
convenhonal sequence analysis using the primer PFX1 (beta-FSB exon 1 forward primer^SBQ B NO: 

Strata Tr^T " USi " g "°* — *^ « — «- XIX2 P^uc, from the 

Strategy « PCR reacbon because it yie.ded a higher quantity and purity of product DNA. However 

« *. viable, and haa the advantage of p^eding very ^ ^ ., ^ 
stoichiometnc amounts of the templates. 

product ' 

A 17 nudeotide sequence was added to the 5' end of the X1X2 (Bxonl-Exon2 bebr-FSH) PCR 
product (SEQ n> NO: 6), in otder to crea* Shine-Deigamo and Kozas consensus se^ences^ 
whrch three, transition of «h. expressed SDK-X1X2 transcript The seque™* was added by 
perfonnnrg a PCP : reaction on the X1X2 PCR product using the primer PRX2, me beta-FSH exon 2 

^D , ^^"TTTC^'tSBQIDNO: 12 ),where^e 

Shme.De.gamo and Kozak consent seqnences are underlined, the sequence of the exon 1 forward 
p™ (SBQ H> NO: 7) ia in itahes, and the W endon for translation miriation is in boZ^ 

followmg additional reagents: 

1. 10 ul 10X PCR Buffer (Thermophilic DNA Polymerase lOxBuffer, 
magnesium Free M190G, Promega Madison WI, USA) 

2. 10 nl 25 mmol MgCl 2 

3. 5 ul dNTPs stock solution containing 10 /imol each of dATP, dTTP dCTP 
anddGTP. ' 

4. 1 ul of lOOpmol/ul SDK-PFX1 primer (SEQ ID NO: 12) stock dilution 
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5. 1 |d of lOOpmol/ul PRX2 (beta-FSH exon 2 reverse primer (SEQ ID NO10)) 
stock dilution ' ' 

6. 2 m TAQ (5 U/ul) (Taq DNA Polymerase in Storage Buffer A, Cat No. 
Mi865, Promega Madison WI, USA) 

7. 65ulH 2 0. 

CyeUng palters were as Mows: initial denature for 2 min a, 95T; 30 cycles of 
ai 08 c, and a final extension for 10 min at 72°C. 

in TAE?rr,' i0n ^ 11,6 SDK " XIX2 ^ " y m PCR — «- - «»«--* * (2% 
M TAB buffer) elecriopuoresis performed as described above. The p^uc, of this PCR Irion H 

ta p-** usmg the PCR Clean-up Ki« (Nucleospin Exriact Ca, No. 740590.50, to yield pure DNA 

- a fine, vohnne of 50u.. Puri<y and size of the DNA was confirmed by aga^se 2% I rlTbuZ 

eleetrophorestsperfimnedaadeseribed above. > 

61 Assembly of hrta-FRH ^pr t ~j- n - rp -tni f t 

The SDK.XIX2 PCR produo, was eloned urio rite pT.tto 8 T™ expression vee,or (P^ega) 

end of a PCR product (umoduced as a natural consequence of Taq polymerase aerivity) with y 
^rune ovemartgs on a hneariaed ^ e^io „ vector . ^ Bgated ^^^l 
transformed into Kcoli DH5a. 

eoioniesT^r" ^ ^ ^ °* fc 24 «-* 10 Uteris! 

pontes rimn eaeh tmnsfmmauon were used ,0 Inocmate individual Hquid medium cuhures PiasmM 

ZsZ ^ T — ' ^ — — — - ™ P-asmid Minip^Z 
K«/50 (Genomed GmBH, Wietamdsri Bad Oeynhomsen) according * manuka insriulns 

" ^ (beto - FSH ~ ' « «— (SEQ ID NO: 7)) and PRX2 

S^ZT S """,r" (SEQ m I0)> "~ ^ * ° f m = ^ ***** 

2™ 'I ^ ° n ° f 8,6X1X2 — — «" of to 

beta-FSH sequences into the oTargfT vprMr tu 6 

pTPKBFSH i"DTARrpT . u 6XprfeSSi0n c ° nBtrucl was ^ed 

P1PKBFSH (pTargeT containing the SDK-X1X2 PCR product insert). 
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Example 2: Expression of beta-FSH in mammalian cell culture 

The pTPKBFSH (pTargeT containing the SDK-X1X2 beta-FSH insert) exnre^nn 
was used for the expression of beta-FSH protein in COS 7T n 1 

rwn o rr P " m C0S - 7L (Invitrogen, catalog No. 1 1622016) and 

CHO^v^caa-ogNo. ..6,90,2) oeH Hnes. The pTPKBFSH construct was transfected iiito 
the vanous ce„ , 1M s using th e UPOPECTAM1KE 2000 Onvitrogen) UunsfccHon re age^2 a 1 

leucine a, 200^,, ana cuhmcd to . ^ 7 """ ^ ^ 

was than tested for me presence of th ! « this culture 

422) for detecting bioactive human bete F«?w Tk- 1^,105.414- 
„ri i , beta-FSH. This assay quantitates FSH activitv based „ m „ 

stimulation of aromatase activity of granulosa cells w w, * UP ° n 
..„,»• • granulosa cells, where aromatase activitv is measure k„ 

radioimmunoassay quantitation of the productions^ measured by 

^ to stimu*e g.uiosa ce„ ^ 1^"^ 

ovar.es removed and dccapsuiaten. FoUicies of*. decapsuUted ovarii were puncnl^Tt, 

were then diluted m medium to a final volume of -2000-2400 viable cells/ ml 

On the day of the assay, fresh GAB assay medium was prepared The pap 
McCoy-s 5a medium (Oihco), sopplemeated ^ ^^^(^0" T,^ 

ng/mL human chonontc gonadonupin (Sigma: catelog # C-04341 o,« „ , ' 
isohut^anthine (Sigma), an. ..25 ug,mi insali „ (si ^ : ^ °' 56 - '<-»»- 
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CHO ceil supernal, „ r of various concentrations „f p „ sitive pSH 
wem a*,ed to each we,.. The piates were ta cultllred for 3 ^ . 37 . c in . hmoim £^ 

ZT' ^ 8 TT ta "' tan -* we " WM md •""^ -~ 12 

ir^L J" y ""«- ^ounmunoassay was pcWd usin g th 

Spectna RIA ta for esuudrol measurement (0rion Diagnostic> F 8 

manufacturer's instructions. 8 

For this assay, various concentrations of the positive contiol recombinant FSH (Organon) were 

" USedto - W - ' *— «« «- ™ -** (recombtaan. FSH LcmJoTm 
mdhUnus per mdunter. mU/nU, versus osu^n radiotamurmoassay values, see Tab,e » C^ro 
curve was then used to interpolate the amount of beta-FSH acHvin, ■ », "rs control 

uunsfected COS or CHO cells. * *" SUPe^laten, ° f " TPKBFS H- 

When a 1/1000 dilution of the supernaan. fenr pTPKBFSH-tiansfected cells was tested in the 
atauua.tity ofabou, 25 Units/m, PTFKBFSH-transfected eel, hues pmduco bioactive beta-FSH 



Ta ble 1; Calibration cur ve values for FSH activity 
Concentration of 



recombin ant FSH tested (mU/mL*) 
Concentration of 
estradiol produced (pg/ml) 



25 



322 



50 



710 



100 



1900 



200 



3400 



400 



4100 



Example 3: Production and Expression of Chimeric DNA for AB FSH 

beta suouThT ™ T"" ^ " ° f » «W- subnet pius a 

beta auburn,. The complete c D NA sequence for the alpha subuni, i. SEQ D N0; .6 (GeL* 

Accessron number NM 000735). * campie desc ribes the production of an active ZTf^ 
^-"wmchb.thsubum.sofmchonn^^ 
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^ Beta-FSH subunit encodinp n,„ ,i e j c aci H gggugngg 

The beta-FSH subunit encoding sequence (X1X2; SEQ ID NO: 6) was prepared as described in 
Example 1. 



a Alpha-FSH suhunit enr^in ff ^ ucleir. arid 

mRNA was isolated iron, human ptacental tissue using the Oligotex Direct mRNA Mini Kit 
(Qtagen, Cat. No. 72022) according to manufacturer's inatiuctions. 5 „ of the isolated mRNA was 

TolTT^rZ™ — ~— (KT-PCR), using the primes 

HCG-SENT (5--ATG GAT TAC TAC AGA AAA TAT OCA OCT ATC-3'; SEQ ID NO- 171 and 

T^ti^RTPCR^ ^' -TTA AGA TTT GTG ATA ATA ACA AGT ACT GCA G-3'^SEQ^DNO: f8X 
ms KA -^CR reaction was performed using the RT-PCR Kit fcuhn~\ ™ ~ a- 

u n 8 1 Kjt (Gibco) according to manufacture's 

^ ° f RT-PCR was named glyearA, and confirmed to represent the 

complete codmg science of human alpha-FSH (SEQ ID NO: 19) by 2% agarose gel electiophoresis 

HCC^T ,r bed *"* *~ FfgUre * '"" 3) P-formed using me primers 

HCG-SENT and HCG-ANTISENT. 

The glycalA alpha-FSH RT-PCR product was men cloned into the pLenti6/V5 D-TOPO vector 
usmg me pUnnOT5 Direcaona , TOpQ cta)jng ^ ^ to 

Onvnrogen K4955-10). To facilitate this Coning, the nucleotide science CACC was added to theT 
«.d of the glycalA RT-PCR product via PCR using m e primers HCG-SENTCACC (S'-CAC CAT 

iT^r ATAracAwTAi&3,sEQ ^ M »-»-— « 
:: 8 :r d m rt - pcr — - - - - 

1. 10 ul 10X PCR Buffer (Thermophihc DNA Polymerase 10 x Buffer, 
magnesium Free M190G, Promega Madison WI,.USA) 

2. 10ul25mmolMgCl 2 

3. 5 ul dNTPs stock solution containing 10 jtmiol each of dATP, dTTP, dCTP, 
and dGTP. 

4. 1 ul of lOOpmol/ul primer HCG-SENTCACC (SEQ ID NO: 20) stock dilution 

5. 1 ul of lOOpmol/ul primer HCG-ANTISENT (SEQ ID NO: 18) stock dilution 

6. 2 ul TAQ (5 U/ul) (Taq DNA Polymerase in Storage Buffer A, Cat No. 
Mi865, Promega Madison WI, USA) 
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7. 65|i!H 2 0. 

Cycling parsers were as foltows: inida! denahuttion for 2 mi„ at 95»C; 30 cycles of 

nrr rr h cycie consisto8 of 30 sec * 94 ° c - ^ * 1 - * - »- 2 ^ 

at 68 C; and a final extension for 1 0 min at 72°C. 

„Le f ™£ZT** CACCglyMlA < SE <5 10 NO: 21), was then inserted tato 

^z^ p :yr r ~ 8,ommuf ~ to ~ — — - 

cutae. ABemaUvdy, where stable expression of the alpha-FSH is desired, the pLe„d6/V5-glycalA is 
Weeted into the ViraPower 293FT- inducer eel, line, along with „. Viraff ower packaging ^ 
gen^e a packed .antivirus (according ,o manufacturer's instruct: pU„ 0 W5 oLTo^ 

n K4955 " I0) - ** iS — 10 —~ » «- 

coll .me in cUtnre, produong a mammalian coll Une that stably expresses the alpha-FSH subnni,. 

C, Oeation of a nucleic acid sennence encodW .^ . ysn ± h» 3 .^ r r m c «, m 

The alpha-FSH and bete-FSH encoding sequences described above were used ,„ create a 
*-»«-*- «" mCecule a,pha-be,a FSH, in which the sequences encoding th. mature beta-FSH 
prnten, (,e, no srgna, pepdde) were msed to the 3' end of sequences encoding the proprotein of alpha- 
°*- mC,UdU,g *» ^ W"* "Q-w alpha-bete-FSH (AB-FSH; SEQ ID NO 22) 
« created using the PCK-hased method described above for the producrion of X,« bete b^ 

1. Mature beta-FSH 

a « la T Per&m,ed '° 3 nUCleiC — ** "=«-FSH 

(..«., Wong the srgna! pepdde encoding seouences). This PGR reaction was performed using the new 
fbnvard pnmer PFMX2 (5--AAT AOC TGT GAG CIG ACC AA-3-; SEQ ID NO- 23) and IZZ 
pnmer PKX2 (SEQ n> N0: l0 ) on , p, of the ported X.X2 PC* pic, (see' ^ Z 
soluhon as th. tempb te. This reacdo. contained addiriona. magente a„ d 1 perfJL 
cychng parametem as describe, in Examp,e ,A, ^ and ^ ^ ^ ^ 

^iZT-1 2, by 2% agarose 861 e,eo,ro, " ,oresis - *— — ' 

2. Proprotein alpha-FSH 
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A second PGR reaction was performed to generate a nucleic acid sequence encoding the 
proprotein of alpha-FSH in which the stop codon was removed. Removal of the alpha-FSH stop codon 
is necessary to prevent premature truncation of the alpha-beta-FSH fusion protein. This PGR reaction 
was performed using the primer HCG-SENT (SEQ ID NO: 17) and the new primer HCG- 
ANTISENT/woTAA (S'-AGA TTT GTG ATA ATA ACA AGT ACT GCA GTG G-3'; SEQ ID NO- 
25) on the glycalA PGR product (SEQ ID NO: 19) as template. This PGR contained lu, g , yC alA 
(alpha-FSH) PGR product as the template, and the following additional reagents: 

1. lOul 10XPCR Buffer (Thermophilic DNA Polymerase lOxBuffer, 
magnesium Free M190G, Promega Madison WI, USA) 

2. 10 ul 25 mmol MgCl 2 

3. 5 ul dNTPs stock solution containing 1 0 junol each of dATP, dTTP, dCTP, 
anddGTP. 

4. 1 ul of lOOpmol/ul primer HCG-SENT (SEQ ID NO: 17) stock dilution 

5. 1 ul of lOOpmol/ul primer HCG-ANTISENT/woTAA (SEQ ID NO: 25) stock 
dilution 

6. 2 ul TAQ (5 U/ul) (Taq DNA Polymerase in Storage Buffer A, Cat No. 
Mi865, Promega Madison WI, USA) 

7. 65ulH 2 0. 

Cycling parameters were as follows: initial denaturation for 2 min at 95°C; 30 cycles of 
amphfication with each cycle consisting of 30 sec at 94'C, followed by 1 min at 50'Q and then 2 min 
* 68 C; and a final extension for 10 min at 72»C. The resulting PGR product was named 
glycalwoTAA (SEQ ID NO: 26; alpha-FSH sequences without the TAA stop codon). 

3. alpha-beta-FSH (AB-FSH) 

A &st PCR waa perfotmed to generate m intermediate nucIeio ^ molecu , e h ^ % ^ 
segment of 5- mature beta-FSH encoding sequence (S-PSH-B) was linked «o 0. 3' end of the alpha- 
FSH sequence wi«h the atop cudon removed ( gly ealwoTAA). Thia PCR was perfonnej using the 
glyealwoTAA PCR produet aa template, the fbrwani primer HCG-SENT (SEQ ID NO- 17) and the 
h>*rid reverae primer ABLIGATION g.TWflmAnr^ CAagAJJa OAT TTG TGA TAA 
TAA CAA GTA CTO CAO TGG-V; SEQ ID NO: 27), where me underlined sequent is me reveme 
complement of primer PPMX2 (SEQ ID NO : 23) and the sequence of primer ANTISENT/woTAA 
(SEQ ID NO: 25) ia in italics. This PCR curtained ,„ gJynalwoTAA PCR product as the temptate, 
and the following additional reagents: 
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1. 10 Ml 10X PCR Buffer (Thermophilic DNA Polymerase 10 x Buffer, 
magnesium Free M190G, Promega Madison WI, USA) 

2. 10ul25mmolMgCl 2 

3. 5 ul dNTPs stock solution containing 10 umol each of dATP, dTTP, dCTP, 
and dGTP. 

4. 1 ul of lOOpmol/ul primer HCG-SENT (SEQ ID NO: 17) stock dilution 

5. 1 ul of lOOpmol/ul primer ABLIGATION (SEQ ID NO: 27) stock dilution 

6. 2 ul TAQ (5 U/ul) (Taq DNA Polymerase in Storage Buffer A, Cat No. 
Mi865, Promega Madison WI, USA) 

7. 6SulH 2 0. 

Cycling parameters were as follows: initial denaturation for 2 min at 95°C; 30 cycles of 
amphfication with each cycle consisting of 30 sec at 94»C, followed by 1 min at 50°C, and then 2 min 

« "1 6XtenSi0n 10 *** 8t 72 ° C We nam6d * e ^ <>f this PCR Reaction 

glycalwoTAAUR (SEQ ID NO: 28). 

fAB P ,t SeC ° nd reaCd ° n *" PMf ° rmed * 8enWate *" "P^eu-FSH sequence 
(AB-FSH) usmg ft. g, y cal„„TAAUR taemrcdiate PCR produe. (SEQ ID NO: 28) and the S-FSH-B 

^ " temP,a,eS - PCR WM «*« *> P«- HCG- 

SENT (SEQ ID NO: X) and «he revise prune, PRX2 (SEQ ID NO: ,0). This PCR reaction contained 
the following reagents: 

1. 10 ul 10X PCR Buffer (Thermophilic DNA Polymerase lOxBuffer, 

magnesium Free Ml 90G, Promega Madison WI, USA) 

2. 10ul25mmolMgCl 2 

3. 5 ul dNTPs stock solution containing 10 /unol each of dATP, dTTP, dCTP 
and dGTP. 

4. 1 ul glycalwoTAAUR intermediate PCR product (SEQ ID NO: 28) 

5. 1 ul X2 S-FSH-B PCR product (SEQ ID NO: 24) 

6. 1 ul of lOOpmol/ul primer HCG-SENT (SEQ ID NO: 17) stock dilution 

7. 1 M l of lOOpmol/ul primer PRX2 (SEQ ID NO: 10) stock dilution 

8. 2 ul TAQ (5 U/ul) (Taq DNA Polymerase in Storage Buffer A, Cat No. 
Mi865, Promega Madison WI, USA) 

9. 65ulH 2 0 
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Cyclmg pammeters were as follows: initial denautration for 2 min a, 95"C; 30 cycles of 
amphflcation wift each cycle existing of 30 sec a, 94«C, foUowed by 1 min a, WC, and ft™ 2 min 
« 68 C; and a final extension for 10 min at 72°C. Cycling was performed nsing a PTC100™ 
programmable Thermal Controller (MJ Research Inc, Watertown, Mass, USA) 

The product of this PCR was confirm* to be AB-FSH (SEQ io NO: 22) by 2% agarose gel 
e ectiophoresis (performed as described above; see Fignre 5, .ane 4) and by sequencing of L 
pUnn/AB-FSHconstruct(seebelow)usingvectorprime re . 

oL. , T TSH ProiUCt ^ *" ° ,0ned in, ° PUa6W5 D - TOr ° using fte 

pLen.,6™ Dtmctiona, TOPO cloning tt according to manufactured inactions (Invitiogen K4955- 

Z Z *™ (EXamP ' e 3B ' "AHs-FSM s..b„ni, enrndW „„.w m 
that the PCR pnmers used to add fte nucleotide sequence CACC wem HCG-SENTCACC (SEO m 
NO: 20) and PRX2 (SEQ n> NO: 10). This expression construe, was named pLen^SH 

Example 4: Co-expmslon of alpha-FSH and brta-KSH to mammalian eeU enltore 

, .„ ^ PUnti6/V5 - glyCalA frUatiWVS-D-topo vector containing fte glycalA alpha-FSH insert) 

°~ f fc — ™ hormone in COS-7L (mvitioge* catalog No. 

»6220,6), and CHO-S Onvhrogen, catelog No. ,16,9012) ecu ones. The a.pha-FSH and beta-FSH 
«pt^ton constructs were co-tranafected into fte various eeU iines using fte UPOFECTAMINE 2000 
Onvr^ogen) transection reagent according to manufactured instructions. The expression vectorpSV- 
P-Oalactosidaae (Promega) was included as a Iransfection control 

Fonowing Wection, fte eeUs were culftred in a seiectiv. medium containing ,000pg/ml 
O^eticme and 400pg/m 1 B,aaticidi» for 7 days. Geneticine-B^ticidine-resis.n, eeU, were 
Wfermd m a new culture medium containing Geneticine (200pg/m.) and Blasticidin (200 pg/mL) 
a eel, density of ,0« cCWml. The supernal of this culture was ftan Led for fte 
presence of fte muitisubuni, (aipha subuni, and bete auburn, non-covalently associated) FSH comp,ex 

The preaence of the alpha and beta FSH eompiex was detected using fte BIOSOURCE FSH- 
KMA Ku (Brosource Eumpe S.A.. Ca, # KIP0841.KIP0844), an immunoradiomenic assay ki, for fte 
quantitation of F„l„c.e Stimtdating Hormone (FSH). Ms FSH-IRMA aaaay is based on fte use of tw. 
monoclone, antibodies, one specific for the alpha subuni, of FSH and one for fte be* subuni, of FSH. 
Tims ft,s assay on,y detects fte complete a!pha and be,a FSH comp,ex. The supema,an, of 
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beta FSH complex in an amount of UO U/ml. SU,,e^M ' an, """^ 

**.n.p.e 5: Expression of tt e a.pha-het^H fusion p roteta to ^ ^ 

The alpha-beta-FSH expression construct pLenti/AB F<JH „,* ^ e 
(Invitrogen, catalog No 1 162201 a ■ u PLentlMB - FSH Was *ansfected into COS-7L cells 
, wuuog jno. 11622016) using the LIPOFECTAMINE 20nn 

"agent according to manufacturer's instructions ^ ^ 

(P^wasindudedasa.ansfecUonconJ ^ ' BV *«-*-*- 

tethepresenceofaipha-ueta-L, SUPemMaM *™ - *— 

*-<~nofFo ni ^^^ 

of two monodona, antibodies. one specifc fcr ^ ^ " *— - ■» « 

FSH. The supernatant of lys ed pLen.i/AB-FSH-.ransf Jt^os 7 ** ^ « 

KMA kit according to manufacturer's m*. « _ C ° S - 7L CeHs was <*»ng the FSH- 

r^T:zzzz t : ? - - — • 

indicates the amount of protein alpha-beta FSH Z , *" ^ "* ~* 

assay. P be, *" FSH Pr0ttm »— * «• "V is no, truly . ft^^ 

To verily that the produced atoha-bet»-F<!W • ,.. . 

*- — c^zzi r : rtr: ^ - ° f 

Sample 2, supm. For m "* Grann,osa -V - **cn°ed in 
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Ml of the supernatant assayed for estmg*. lev* by mdioimunnoaasay. Estrogen radioimmunoassay is 
perfbtmed using «he Spec*, MA kit for estradio! measn^nen. (Orion Diagnostic, Finiand), according 
to the manufacturer's instructions. 

For this assay, various eoneentrations of the positive control recombinant FSH (Organon) are 
tea*, and used to coicuiate a titiation curve for FSH activity (recombinant FSH concentration in 
T P ° r "M**- mWml ' — P- tadioimmmmoassay vah.es). This control curve is 

then used to intemolat. the amount of biologically active alpha-beta-FSH. The alpha-beta-FSH of the 
tnvention shows a substantia.* higher activity profifc m mis assay, as expressed in Units of bioligical 
actmty per mg of protein, than the eturently available tecombinant FSH (Organon). 

♦ * * 

The present invention is no, „ be Umited in scope by the specific embodiments described 
hereto. Indeed, various modifications of the invention in addition to those described herein win 
become apparent to those skilled in the ar, from the foregoing description and the accompanying 
figures. Such modifications are intended to fall within the scope of the appended claims 

It ts flume, to be understood that ah values are appmximate, and am pmvided for description 
Patente, paten, applications, publications, pmduc, descriptions, and protocols are cited 
toughen, mis application, me disclosures of which am incotporated hernin by reference in their 
entireties for all purposes. 
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CLAIMS 

WHAT IS CLAIMED IS: 

X, JT7 ^ 2 P0,ynUCle0,i<Ie <*™> «"»*«»• «~ nuckoHde stents of interes, 

XI *a X2, wher^X* in X,X2 is immediate* 3- ,o XI. fiom a nucleic acid molecme including x,' 

21 771 ^ " * »■ " Xl «W- o the 

same molecule, they are not contiguous, the method comprising: 

(a) amplifying a firs, double sbanded nucleic acid segment XI, which segment 
compnses a sense and an anrisense nucleic acid shmtd, with a firs, primer s«, which primTse, 
compnses (,) a forward primer, PFX1, which hyhridi.es m me 3' end of me antisense shand" 
(..) areve.se pnmer, PRX1, which hybridises to the 3' end of me sense shand of XI- 

cornel W T** 3 SeCO " d d ° Uble nU0Wc "** "W'h segment 

rr P ri^n e r m r icic ^ ^ with • — * ■* z. 

^eomprtses (.) a forward pnmer, PFX2, which hybridises «o me 3- end of the amisense shand of X2 
and (,,) a reverse pnmer, PRX2, which hybridizes to the 3- end of me sense strand of X2- 

intern,*,, W tatemWliate d °<"»° — — polynucleotide X1UR, which 

~a,e composes a sense and an anhsense nucieic acid shand, and which comprises me douh.e 

ZT* 777 T* X ' ^ 3 5 ' ^ """^ ^ — ° f «• — me 3- 

^ lb i ^ ^ li,Si0,, " ta " ^ "* "" taU * S ~ of ««> preceded j 

tts 5 end by the sequence of me complement of PFX2, said PFX2 complement tenned PFX2- and 

annealed • " "T^* "* amP " ed ' ,g X1X2 denatUrin8 "*« X.TO and xi to font. 

^ - immediately 3 to XI, ftom a nucleic acid molecule including XI 

- the same or . different nucleic acid m.,.cule including X2, wh«em if X! and X2 originate on the 
same molecule, they are not contiguous, the method comprising: 

(a) ampHfying a firs, double abanded nucleic acid segment XI, which segment 
compnsea a sense and an antisense nucleic acid stmnd, with a firs, primer set, which prinTse, 
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( ° af0rWard Primw - PFX1 - «** M-ridizea .o the 3- end ofthe aniens. sband ofX1 ^ 
(u) a reverse pnmer, PRX1, which hybridizes to the 3' end of the sense strand of XI* 

0» amplifying a second double abanded nuc.eic acid segment, X2, which segment 
compnses a sense and an anbsense nucleic acid sband. with a se«md primer se, whi h seldT 
- (j) a forward primer. PPX, which hybridizes to the , 1 of «~ 
and (n) a reverse prmter, PRX2. which hybridizes to the 3- end of the se* S e sband of X2- 

intomedia, ^ " ** to ' tmM »<*-*<*• DRX2, which 

™ ' ^ "* " ""— "* "~ * - "** -prises * donb 

Z^enTb 1 T ^ ^ PrimCT 1,88 ** ~ e "~ P^— a 

end by m sconce of me complement of PRX,, said PRX, compiemen. temted PRX, and 

(d) making ami amplifying X1X2 by denaturing and annealing X1UR ^ v, ,„ f „ 

'rr — — -i- 

*u immediately 3 to XI, from a nucleic acid molecule including XI 

ltor,° r r^ ,nUCWCaCid ~ taClndtagX2 - — ^iandX.oriZtnm 
samemolecule.they.renotcontiguoua.me method comprising; S-ateontne 

(a) amplifying , ft* doubte stnmded ^ 

Td aZ W PFX2> ^ * "» 3 ' ~ **• ^aense strand of X2 

and (u) areve.se prune,, PRX2, which hybridizes to me 3- end of the sense sband of X2- 

in^meH- . W an " >Hfyi,Ig " ,ten, " !< " ate ^ S,randed Polynucleotide XIVR, which 
~.,c compnses a sense and an antisense nuCeic acid abend, and which comprises th ^ 
Sbnnded nucletc acid segment X, and a 5- double shaded nucleic acid segment ofXz wh^TT 
end of X, is .Used w , segment otX2 , ^ a ^ ^ ^ ^ ^ 

inr:- ppxi - t hybridfaes *° ,he 31 ^ — - » - 0™ 

n e ;™7 ^ «» «*> - °f a revesse primer, PRX,, which hybridizes 
' saitl rbX2 complement termed PFX2'; and 
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(c) making and amplifying X1X2 by denaturing and annealing X1UR and X2 m f 
annealed species and then extending and : form 

primes* PFX. md PRX2. ' ^ 8 ^ " StaS DNA and 

-emo.ecu.e.theyareno, contiguous, the method comprising ^ " *" 

(a) amplifying a first double stranded nucleic ecid seam™, vi ■•• u 
comprises a sense and at antisense nucIeic acid ^ ^ "* T"" ^ SeSmen * 
comprises (i) a forward primer, PFX1, which hyhridkeTto the 3- endof nT"^ ^ ^ ^ 
^P«,,whichhy*rid^^ 

(b) ^amplifying an intennediate double stranded polynucleotide DRX2 v k 
intermediate comnri^c » 00 „ 0 ^ ^ . F"iyuucieouae URX2, which 

» iitoea 10 me 3 segment of XI, with a third primer set wh,Vh • 
a revere primer, PRX2, which hybridizes to the 3' eTTfT' """^ " ® 

KM. saidPRXl complement formed PRX, , J * of 

(c) making and amplifying X1X2 by denaturing and amrealing X1UR and V, , , 
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8. The method of claim 7 characterized in thai said polynucleotide (Xfxn „ 

having the activity of chorionic gonadotropin fCG! " *" > ""' d " " •"•W* 

9. The method of any of claima 1-6 characterized in that the segment XI ^ ■ 
sc^uenceandXa encodes a biologically active polypeptide. , * * ^ 

ini::::ii~«er b "-' pn>,eta — * *• ■ 

ntedtodaccordingtoanyLcarsTj ' ~~**~<^ 

U. A nncleic acid molecule oomprising me polynucleotide sequence set forth in SEQ ID NO: 22. 

12. A vector comprising the nncleic acid molecnle of claim 1 1. 

13. AmammaUanhostceH transformed to express the polynucleotide of SEQ ID NO: 22. 

M. A P°'^'l«»mpris to gmean 1 in.aoidse qM ncese,form„SEQ I DNO:2 9 . 

15. An oligonucleotide having the sequence set forth in SEQ ID NO: 11. 

16. An oligonucleotide having .he sequence set forth In SEQ ID NO: 12. 
17- An oligonucleotide having the sequence set forth in SEQ ID NO: 13. 
18. An oligonucleotide having the sequence set forth in SEQ ID NO: 14. 
19- A method for making a polynucleotide rviv>\ 

"teres,, XI and X2 whereto X2 to XtxT *" tmM " " 

including X. and^ sslTo <Z " ^ '* * ^ a —* " id -lecnle 

"S XI and the same or a d.£ferent nucleic acid molecule including X2 whereinlfv. a 
^na.eonmesamemcecule.m.yareno.conriguous.me method comp^ " ^ 
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nucleotide, andDR is , y xgmeM " ™ " * 5 ° f M - 'east 12 

re aetio nostogth e f „„ owingp ~ ^ " ~ 12 — * « **— • chain 

saouence of me complement of P^,^ T " ^ ^ " '* ^ * "» 
k or said PFX2 complement termed PFX2'- and 

— of S T^ZZ fr PRX2, ^ »° of *e sense 

•he science of tite ofP ^ ^£T~ — 4 " « 

^'"^oPRXl complement termed PRXr- 
0>) fonning Species A selected from the group of 

it— is x,i ^ " X,UR » - — - — of X2 wnere tite 

...SSI" ^ ° f ^ " ,0 - — - of DRX2 wnero tite 

(iii) the sense strand of X1UR annealeH t« *■ 
intemtediate is X1UR and DRX2; S,ra,d of DRX2 *• 

(c) forming Species B selected from the group of 
intermemateisXl"^ ^ " ™* " 10 "* ~ — " » — • *e 
in^eisD^:;^ ^ " X ' " * * sense stiand of DRX2 wh ere me 

Mediate isx^™^ ~ '° * — — ««« — me 

cond^tions^X^": T" ^ " — 

wiumg species A using a polymerase enzyme possessing v v ™i 

*nn X1X2, and extending Species B using pHmess I™ and f aC ' iVit! ' ,0 
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on tne ^ molecule , ^ m ^ ^ ^ d J p ^~ X1 - » 

(a) amplifying at teas, one intermediate double stranded polynucleotide selected fi™ «, 
group cnnsrsting of xum and DRX2 , wherei „ m *J Mtected * 

nucleotides and DR is a 3' vmni v . ha ™ g at Ieas < « 

h i'l'Az, said PFX2 complement termed PFX2'; and 

— of X2 r iTptiir^rr' pRX2 - wwch » *« — - — 

Pnmer, PPX2. wnicH nyundC Z' t^enT"," " """^ ~ <* 3 

- seouence oftne consent ofP^, T ^ " " * 

sam PRX1 complement termed PRX1'- 

(b) annealing at least one of the following; 

O *. sense atinnd of X1UR and the Intiserce strand ofX2 to fcn » Species A- 

) the sense stiand of X. and the antisense strand of DRX2 to lam ^ A . ^ 
('■OthesensestrandofXlTlB «~r.>.. i species a, and 

fiv> «». . « SC ° Se StKlrf ° f DRX2 <° *»> Species A- 

v the annsense strand ofx. rmd the sense atiand of DRX2 to form Species B- and 
CO the annsense stiand of X 1UR and «. sense stiand of DRX2 to L Sp^ A; 

cond.tionsli:;:";^::?" **** ^ - - 

8 ^P 60 "* 5 A "smg a polymerase enzyme possessina s« i 
form X1X2 and evtonrfi™ c • ^ possessmg 5 -3 polymerase activity to 

' ^ d exten dmg Species B using primers PFX1 and PRX2 a „H » . 
possessing both 5'-3» polymerase activity and 5' 3' e *n , P ol ^rase enzyme 

e activity and 5 -3 exonuclease activity to form X1X2. 
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23. Hi. method of claim 22 characterized in that said polynucleotide (X1X21 ene H 
Polypeptide having the activity of chorionic gonadotropin (CGI JL*Tt " 

24. The method of any of claim, 18-21 characterized in that the seanent XI „ „ • . 
sequenceandXZencodeaahio.ogical.yacHvepolypepade. " " 

-temod^gtoanyofo^r ^ ^ ^ — hy the 
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ABSTRACT 



The present invention is directed to an improved method for producing by recombinant 
methods proteins that occur in nature in two or more subunits; more generally, it is applicable to the 
amphfication and subsequent expression of any chimeric DNA molecule that results from the 
ligation of two or more non-contiguous pieces of DNA. 
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. + 
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PRX2 



Denaturation and 
Annealing to form: 



Species A 



no" 
+ 



-OH 



To which neither primer 
binds 



Species B 



■OH To whicn both primers 
bind 



PRX2 

| Extension to synthesize: 
5*-3' polymerization by Taq of Species A to make: 




And simultaneous 5^3' polymerization and 5 '-3 exonuclease activity 



PFXI 



by Taq to extend Species B as follows: 
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Figure 5 
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